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1. INTRODUCTION.

The National Aeronauticand SpaceAdministration (NASA) operates datarelay satellite (DRS) network,
called the Trackingnd DataRelay Satellite System (TDRSSgonsisting of geostationary Trackimgd Data
Relay Satellites (TDRS) to relay signatetween low-orbiting satellitesnd a central earth statidocated at
White SandsNew Mexico [1]. Inconcept, two othree geostationary datelay satellitesareused to replace a
dispersed, global network efarth stations tprovide telemetrytracking andcommand to low-orbiting user
satellites. ThdORS networkcurrently operated by NASA consists of 5 satelldesl uses frequencies ithe 2
GHz and 13/15 GHz bands to communicabetweenthe TDRS satellitesand low-orbiting user satellites.
Frequencies in the 14/X5Hz band areused to relay signalsetweerthe TDRS satellitesand the central earth
stations. Figure hows aportion of the network consisting of the cengalth stationgeostationary TDRSs
and alow-orbiting user satellite. The curreMDRSS network is capable of relayidigta fromlow-orbiting
satellites at rates up to 3 MBps using the 2 GHz laantbat rates up 800 MBps using the 185Hz band. The
current network supports such user satellites a$ithdble Space Telescoped theSpace ShuttleThe next
generation of user satellites, which will generate data rates up tMB@8, will exceedthe capacity of the
existing TDRSS network. To meet thasguirements, a new generationT@RSs known as TDRSS H,1,J are
being built for launch starting in 1999.

TDRSS H,I,J willadd highcapacity space-to-space reléyks in the 23GHz and the 26GHz bands to its
conventional relay links in the 2 GHz band and 13/15 GHz bars23GHz band will be used ttransmit at
moderate data rates fromT®RSS to a low-orbiting user satellitend the 26GHz band will be used by the
low-orbiting user satellite transmit atvery high datarates to TDRSS. To facilitatde transmission diigh
data rates from the low-orbiting user satellT®RSS H,l,J will use &high sensitivity receivingsystem
consisting oftwo independent receiving antennas wiitresight gains on the order of 8Bc and areceiving
system noiséemperature of 750 K. A consequencetied high-gainJow noise receiving systernimtrinsic to
datarelay satellites, ishe susceptibility to interference fromihe emissions of othesystemsoperating in the
band.

The 25.25-27.55Hz band (the 265Hz band) was allocated the inter-satelliteservice bythe 1992World
Administrative Radio Conference (WARC-92)he use ofthe band by the inter-satelliszrvice is limited to
space researdind Earthexploration-satellite service applicatioasd to the transmissions of data originating
from industrial and medical activities in space by Radio Regulation 881A [2]. The 25.26127 ltand is also
allocated to théixed andmobile services irthe threelTU Regions. Additionallythe 27.0-27.85Hz segment
of the band is allocated to the fixed-sateligrvice (Earth-to-space) in Regiongr2d 3. Preliminary sharing
studiesthatwere performegbrior to WARC-92 showedhat limitswere needed othe e.i.r.p. spectralensity
of point-to-point fixed service statioribat radiatedtowardsthe orbital locations of dateelay satellites to
prevent unacceptable interference to data relay satellites. Provisional limits of 24 dBW in any 1 MiWerdgand
applied by WARC-92 to the emissions of fixed service stations diregteoh 1.5degrees ofhe geostationary-
satellite orbit, taking into account tledfect of atmospheric refraction [3]. These limits areafaply until the
Radiocommunication Sector othe International Telecommunication UniofITU-R) prepares a
Recommendation on appropriate values. déeelopment of such an ITU-R Recommendation is underway in
Joint AdHoc Working Party 7B-90the JAH). This paper summarizes tinork and thedirection being taken
by the JAH.



Section 2 ofthis paper summarizes the temporal characteristics of the interferereeeivcers onboardata
relay satelliteghat iscaused byhe emissions of point-to-point radio-relay statioBsction 3 enumerates the
factors being considered by Joint Mdc Working Party 7B-9D, including theffect ofatmospheric absorption
and partial Fresnel zone blockage on point-to-point e.i.r.p. spectral density limits. Section 4 is a summary of the
results of the papesnd suggests studies of possildenstraints on othetypes of fixedand mobile service
systems that could be implemented in the band under the current allocation.

2. TEMPORAL CHARACTERISTICS OF INTERFERENCE TO DATA RELAY SATELLITES.

About 100,00 point-to-point radio-relay stations &pected to bénstalledworldwide inthe 26 GHz band.
They are low-cost systemshat are intended tprovide arange of digital radiocommunicaticservices. The
characteristics of thesystemsare: 1) 70% of the stations will have an e.i.r.p. spedeakity lesgshan 24
dBW/MHz, 25%between 24and 33dBW/MHz and 5% greatethan 33dBW/MHz; 2) transmitting antenna
gain of 40dBi; 3) channelizationplan in accordance with RecommendatidhU-R F.748-1 [4], with
bandwidthsangingfrom 112 MHz t03.5MHz and 2.5MHz (there is gossibility that thebandwidths will be
reduced to 1.75 MHz and 1.25 MHz in the future); 4) elevation aagdtgpically in the rangdrom 0 degrees

to 5 degrees; 5) path lengths are typically in the 2 km to 5 km range; and, 6) large rain fade mangiedeare

to ensure an availability of 99.999% [5].

Simulationswere performed to evaluatike amount of interferendbat aglobal deployment of these point-to-
point radio-relaysystemsmight cause todatarelay satellite networksThe simulationsshowedthat the
aggregate interference to a datday satellite fromthe emissions of g@lobal deployment of point-to-point
radio-relay systems isot likely to exceed an acceptable level-2¥8 dBW/kHz (-148 dBW/MHz) for more
than 0.1% of the time as given in Recommendatidt/-R SA.1155 [6]. The simulationsshowed that
interference in excess of acceptable levels would, however, be experienced for near-boresight-to-boresight
coupling between the fixed service station transmitting antenna and the DRS receiving antenna [5].

The temporal characteristics of the interference to ardhtg satellite have been determinedtf@o scenarios
andcompared to the protection criteria given in Recommend#fidrR SA.1155. Inthe first scenario, it was
assumed that a DRS is trackingBarthobserving satellite which is in a 797 km orbit inclined 98.6 degrees to
the equatorial plane. In thecend scenariathe DRS istracking a spacecraft, such as the internatigpate
station, in a 350 km orbit inclined 51.7 degrees to the equatorial plane. In both scenadesassumethat a
fixed service station located at 45 degrees N. latitude and appearing on the limb of the Earth as viewed from the
DRS, wasradiating at an e.i.r.p. spectménsity of 27 dBW/MHz towardhe DRS. No account watsken of
such mitigatingfactors as atmospheric absorptiand Fresnel zone blockage. For both scenarios it was
assumed that the DRS used a 56 dBc receiving antenna to track the low-orbiting satellite.

The boresight interferendeeceived by the DRS may be determined from

| =21 80C0 Watts/MHz 1)
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where:pr is the e.i.r.p. spectral density of the fixed service statighdrdirection of th®RS (W/MHz), A, is
the area of an isotrop@&ntenna X?/(4m), A is the wavelength in meters), @ the boresighgain of the DRS
receiving antenna (numeric corresponding to 56 dBc), ai&ltRe slant rangfom thefixed service station to
the DRS (approximately 41,700,000 meters).
Using equation (1), it will be found that the protection criteria of -148 dBW/MHz will be exceeded by 20 dB for
boresight coupling when the e.i.r.p. specttahsity is 27 dBW/MHzThus, the interference criterion will be
exceededvhen thefixed service station appeansthin the 20 dB beamwidth of tHeRS receivingantenna. In
the off-axis region where thentenna gain islown by no morghan 20dB, the off-axis gain of the DRS
receivingantenna, whemxpressed in dB, may be approximatedthuy reference radiatiopattern given in
Recommendation ITU-R S.672-2 [7] for satellite antennas with circularly symmetric patterns
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where G¢) is the off-axis gain (dBc), (s the boresight gain (dBa), is theoff-axis angle (degreesand¢s is

the 3 dB beamwidth of the antenna (degrees).

A simulation progranwas used to evaluatbe interference characteristits the two scenarios. In botbhases
the simulations covered a period of 30 days in 2 second increments. The results of the sinfoddtieriSarth
observing type orbit are given in Figures&a2b, and theresults forthe internationaspace statiotype orbit



are given in Figures 3and 3b. Figure 2a showthe approximateslapsed timebetweenthe beginning of
consecutive interference events. An interference event is defingdeasme during which thdevel of
interference received by the DRS exceeds the level given in Recommendation ITU-R SA.1155. Khoves2a
the distributionfor a total of 39 interference everttsat occurredduring the simulated 3@ay period. The
smallest elapsed tim@etween seven consecutive interference events wesearrder of 5 hours, whereas, the
maximum elapsed time between consecutive interference events was found to be up to about 52 hours.
A time series of the interferenesents fothe Earthobserving typeorbit is shown in Figure 2b. As the figure
shows, a number dhe interferencevents consisted of levels of interference corresponding to boresight-to-
boresight coupling. The duration of an interferergent could be ashort as dew seconds or as long as 80
seconds. The aggregate duration of the interference fRBefromthe emissions of a single statimas 2168
seconds. This amounted to 0.084% of the time, or just sligsttghan the0.1% criterion in Recommendation
ITU-R SA.1155.

Figure 3a showshe time intervalbetween consecutive interference evemten tracking a satellite in an
internationalspace statiomype orbit. For thistype orbit, therewere atotal of 88 interference eventairing a
simulated period of 30 day¥he shortest timbetween interference events was abobthours. Thioccurred
for four of the interference events. The elapsed tieteveemine of theinterference events was tme order of
18 hours.

Figure 3b shows a time series of the interference eventisfanternationaspace statiotype orbit. The figure
showsthat therewere anumber of boresight-to-boresight interference events. Itsilewsthat the duration of
an interference event could besimrt as dew seconds or as long as 170 secofit® aggregate duration of
the interference to theRS fromthe emissions of a single statimas 7064 seconds which amounts to 0.273%
of the time, or almost three times the 0.1% criterion in Recommendation ITU-R SA.1155.

3. TECHNICAL AND OPERATIONAL FACTORS TO REDUCE INTERFERENCE TO DRS.

There areseveral technicahnd operational factors being considered by JointHat Working Party7B-9D
that may be used by the fixed service to redhealegree of interference @RS operations frorthe emissions
of point-to-point radio-relay stations in the 25.25-27.5 GHz band [8]

« Limit the e.i.r.p. spectratlensity ofthe emissiongowards specific DRSrbital locations to
24 dBW/MHz.

» Useautomatic transmit-power control (ATPC) sutfat the e.i.r.pspectral densitguring non-
faded conditions is 10 dB or mobelowthe maximum e.i.r.p. spectrdénsity ofthe fixed service
station.

» Take into account atmospheric absorption itexby-site basis so as to ensthrat unnecessary
restrictions are not being placed on fixed service operations.

» Take into account Fresnel zobleckage on a site-by-site basigjain, to ensurthat unnecessary
restrictions are not being placed on fixed service operations.

Each of these factors is discussed below.

3.1 LIMIT FIXED SERVICE STATION EMISSIONS TOWARDS SPECIFIC DRS ORBITAL LOCATIONS.
As presented in Section the interference tORS receivers iprimarily experienced when there is boresight-
to-boresight, onearboresight-to-boresight coupling betweitae DRS receivingantenna and thfixed service
station transmitting antenna. One meansdntrol thistype ofinterference is to place lanit on the e.i.r.p.
spectral density radiated towartfe geostationary-satellite orbit asvaole. This approach isised in bands
that are sharedetweerthefixed serviceand thefixed-satellite serviceand isquite reasonable for these bands
since the use of the geostationary-satellite orbit is quite intense. Orbital spabimgn geostationary satellites
in the fixed-satelliteservicecan be quite smallessthan 2degreesand theorbital locations of satellites in
various FSS networksan berelatively dynamic in response to new service requiremants theneed to
accommodate new networks. In contrast, there are a limited numb&Sohetworkgplanned. For this reason,
Joint Ad Hoc Working Party 7B-9Dhastentatively agreed to recommetitat, where practicable, the e.i.r.p.
spectral density of fixed service stations emissions towards spBé&ifscorbital locations [9] be limited to 24
dBW/MHz. (A higher limit of 33dBW/MHz will likely apply tothe remainindocations on th@eostationary-
satellite orbit.) This prevents amnecessary burden being puttbe installation of point-to-point radio-relay
stations in the 25.25-27.5 GHz band.

3.2 USE AUTOMATIC TRANSMIT-POWER CONTROL

Automatic transmit-power control is ery effectivemeans to reducthe e.i.r.p. spectradensity for large
percentages of time. ATPC istechnologythat was developed to reduce interference to radio-relay stations
from the emissions of other radio-relay statioasd tothereby improve intraservicgharing andpromote
efficient use otthe spectrum. The idea is the transmitedatively low powerduring the large percentages of
the time when the line-of-sigtink is performing nominally. When the linkecomesmpaired as a result of



multipath fading (predominates &equenciesbelow about 15 GHz) or absorptioand scatteringdue to
precipitation (predominates at frequencedsove about 155Hz), the transmitter power is automatically
increased to mitigate against the fade. Tiféerence betweethe nominal outpupower during non-faded
conditionsand the maximunoutput powerduring fading istypically 10 dB to 15 dBJoint Ad Hoc Working
Party 7B-9D is recommendingpat, where practicable, fixed service statiomsing ATPC not increase the
e.i.r.p. spectraldensity of their emissions towardshe orbital locations oDRS satellites to mord¢han
33 dBW/MHz.

3.3 ATMOSPHERIC ABSORPTION.

Atmospheric absorption along Earth-to-space paths can be substantial inGhz Bénd, particularly at low
elevation angles. Joint Ad Hoc Working Party 7B-9D has adtestéitmospheric absorption may taken into
account on a site-by-site basis whtkrtermining the e.i.r.p. spectméénsity of emissions towardse protected
DRSorbital locations. The amount of atmospheric absorption at any fiegnency is a function ghe water
vapor density, the height of the transmitting antenna above sea level, and the elevation angle to the DRS. Water
vapor density at sea levis, to a first-order analysis, a function of geographic locatiod time ofyear. A
conservative approach would be appropriate for the purpose of determingféethefatmospheric absorption
on theacceptable.i.r.p. spectral densit@pecifically, it is proposed to uskee monthly meawalue foreither
February or August, whichevenonth yields the lowest water vapor density fdhe particular geographic
location. The global data given in Recommendation ITU-R PN.836 [10] should be used.
Recommendation ITU-R PN.676-1 [11] provides a detailed proceduralitulating atmospheric absorption.
The results of a typical set of calculations ttee 26GHz band areshown in Figure 4 for a fixed service station
located at sea levalnd at500 metersabovesea levehear 45degrees N. latitude in Europe. #itis location,
the mean water vapaensity is between gm/n? and 5 gm/m during February [10]. For stations at sea level,
atmospheric absorption can amounbé&tweer8.5 dB andalmost 16 dB at zero elevation angle, decreasing to
about 1 dB at elevation angles of 10 degrees. For stations located at 500ammetesea level, atmospheric
absorption is reduced to between 5 did 8 dB atzero elevation angleand toabout 1 dB at 10 degree
elevation angles.

3.4 FRESNEL ZONE BLOCKAGE.

Fresnel zone blockage is another factor that, under certain circumstances will reduce the e.i.r.pdepsttral
of the emissions from fixed service station toward3RS orbital locations. The reason Fresbickage may
be an effectivaneans to reducthe interference tRSs is based othe way that point-to-point radio-relay
systemsare expected to be used the 26GHz band. As explained in Section 2, theystemsare expected to
mainly provide digitalinks over paths that are on th@der of 2 km to 5 km. In urban areas, the transmitting
andreceiving antennas aexpected to be mounted time sides oftall buildingsrather than at theop of tall
towers. Thus, for these sites, there is the possibility thabtifeof the building on which the receivirantenna
is mounted will act as a diffracting obstaclethie pathbetweerthe transmitting antenna and th&S. A first-
order analysis will provide aimsight into the significance of Fresnel zdreckage as a factdeading to the
relaxation of e.i.r.p. spectrdknsity limits orthe emissions of point-to-poifiked service stations towards the
orbital locations of DRSs.

This simplified analysis is based on Sectibri of Annex 1 to RecommendatidfU-R PN.526-3 [12]. The
obstacle is modeled assingle knife edge as shown in FigureThe transmitting station iwcated at Pand
the receivingDRS is located at P The distance from thgansmitting station to the diffractingpstacle is d
The distance to thBRS is sagreat that it is not &actor inthe calculation of theiffracted field.The height of
the obstacle abovthe direct path islenoted by hThe angle of diffractiondenoted byg, is in radians and has
the same sign as h. (The anfls assumed to be less than 0.2 radians, or 12 degrees.)

A dimensionless parameter is introducedthat permits, with the aid dfigure 6, the calculation of the
resultant field based on the geometrical factors listed above and the wavaleftjte operating frequency.

— 2dl
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An example will provide some bounds on the amount of attenuation of the emissions that may be expected from
sites where Fresnel zone blockage is a factor.
Assumethat thereceivingantenna isnounted on the top of a buildintpat is 4 kmfrom the transmitting
antenna. Theop of the building approximates a singdeife-edge obstacleThe transmitting antenna has a
gain of 40dB, a 3 dB beamwidth of 1.10 degresasd anunobstructedpath to thereceivingantenna. It is
further assumethat thebeam ofthe transmitting antenrlees equallyaboveandbelowthe top of the building.
For an operating frequency of 26 GHz, equation (4) evaluates to

v =833+ 6 (5)



When8 = 0, the parameter is O for an off-axisangle of 0. From Figure 6, this leads tdifiraction loss of
6 dB for a DRS receivingntenna that itocated in back ofhe obstacle on &traight line thatonnects the
three points: the transmitting antenna, the top of the obstacle and the receiving antenna. As the off-axis angle is
increased to 0.1 degrees (corresponds to an off-axis loss df.6ri#{B from thdransmitting antennboresight
gain), the parameter decreases to abotit.5. From Figure 6, the diffractidoss is now 0 dB. Asan beseen
from these simple calculations, tHi#ference between a diffraction loss of 6 dBd nodiffraction loss isonly
0.1 degrees. Consequentllge viability of Fresnel zone blockage as a factor to uselax the e.i.r.p. spectral
density limits on fixed service stations towards a DRS is questionable.

4. SUMMARY AND CONCLUSIONS.

Joint Ad Hoc Working Party 7B-9D ispreparing a recommendation to limit the interference to daty
satellites from the emissions of point-to-point radio-relay stations operating in the 25.25F7t@&nd. To
meet theDRS protectiorcriteria [6], it will be necessary for fixed service stationditoit the e.i.r.p. spectral
density oftheir emissions towards specific DRS locations to 24 dBW/MiHd their emisions towards other
locations on the geostationary-satellite orbit tadB3%/MHz. If automatic transmit-power control is used, the
maximum e.i.r.p. spectralensityduringfaded conditions ithe direction okpecific DRS locationshould not
exceed 33 dBW/MHz. Atmospheric absorption may be factored determining the e.i.r.p. spectménsity
limits for individual fixed service siteS.he mean water vapor contdot the driest month (eithdfebruary or
August)and the height of thixed service statioransmitting antennabovesea levelre to beused in the
calculation. Fresnel zone blockage maytdeen into accountHowever, a sensitivitanalysis is needed to
verify that minorchanges in the transmitting antenna pointing angle, such age@rées, doesot have a
major effect on the level of interference.

The studies summarized hesiee only concernedvith interference tdRS networks fronthe emissions of
point-to-point radio-relay systems. There are other types of fixed service syastelmmbile service systems as
well, that could be introduceéhto the 26GHz band. Furthestudy isrequired to ensurthat the parameters
recommended for point-to-point fixed servisgstems will providehe required protection tBRS networks
when applied to other types of fixed service and mobile service systems.
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Figure 1 - Typical deployment of NASA’s Tracking and Data Relay Satellite System (TDRSS).
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Figure 2a - Elapsed timbetween consecutive interference evenmtgen tracking a satellite in aBarth
observing type orbit.
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Figure 2b - Time series of interference events when tracking a satellite in an Earth observing type orbit.
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Figure 3a - Elapsed timegetween consecutive interference evevtien tracking a satellite in an internatiospace
station type orbit.
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Figure 3b - Time series of interference events when tracking a satellite in an international space station type orbit.
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Figure 4 - Atmospheric absorption as a function of elevation dogke station at sea levahd at a height of 500
meters above sea level.
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Figure 6 - Knife-edge diffraction loss [12].



